(19) 



J 



Europalsches Patentamt 
European Patent Office 
Office europeen dee brevete 



(11) 



EP 0 824 295 A2 



(12) 



EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

18.02.1998 Bulletin 1998/08 



(51) lntci.6: H04M 7/00, H04M 7/12, \ " / 
H04M 11/06, H04L 29/06, V (. 




(21) 


Application number: 97305574.2 


H04Q 3/62 


(22) 


Date of filing: 24.07.1997 






Uooiyr iciiovj wvitiidL'iiiiy otaiuo. 


DUllvi) iilviltflav UaViu 




Al DC wtl Ut UIV CO rl rPl vat* van IC 1 1 LI LU MO 


uupernnarn, nomsey, namsmre ouoi /wd (ud) 




NLPTSE 


• Clarke, David Andrew 




Designated Extension States: 


Chandlers Ford, Hampshire S053 4RJ (GB) 




AL LT LV RO SI 


* Lawrence, Stephen Graham Coplnger 






Southampton), Hampshire S032 2PX (GB) 


(30) 


Priority: 09.08.1996 GB 9616817 






19.11.1996 GB 9623998 


(74) Representative: Waldner, Philip 






IBM United Kingdom Limited, 


(71) 


Applicant: International Business Machines 


Intellectual Property Department, 




Corporation 


Hursley Park 




Armonk, N.Y. 10504 (US) 


Winchester, Hampshire S021 2JN (GB) 


(72) 


Inventors: 




• 


Bowater, Ronald John 






Romsey, Hampshire S051 8ST (GB) 





(54) Communication method and system 

(57) The present invention relates to establishing a 
communication channel between two communication 
systems having computer telephony integration (CTl). 
Many CTl systems are configured into incoming and 
outgoing lines according to the anticipated demands. 
Consequently, if sufficient outgoing or incoming capac- 
ity is unavailable at a given time to support a communi- 
cation channel of required characteristics, the users of 
such a system must conventionally wait until sufficient 
capacity becomes available. However, the present in- 
vention determines who the intended addressee is and 



can instruct the CTl system associated with that ad- 
dressee to instigate the establishment of a communica- 
tion channel to the user who originally desired the con- 
nection. The instructions can be sent to the intended ad- 
dressee using for example, another communication net- 
work, such as the Internet or other data communications 
network. This arrangement also allows the call to be 
placed in the reverse direction, where this is favourable 
for tariff reasons. The invention also includes the auto- 
matic selection of a telephone network carrier based on 
tarrif data requested over a data network such as the 
Internet. 
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Description 

The present invention relates to a method and sys- 
tem for establishing a communication channel between 
first and second communication systems. 

Telephony or communication systems used by large 
organisations, such as banks, insurance companies 
and the like, have, as part of their daily operation, the 
need to be able to support a significant number of tele- 
phone enquiries. The communication systems of such 
large organisation are configured according to the spe- 
cific needs of that organisation. For example, a large car 
insurance organisation may require a significant 
number or high availability of incoming lines in anticipa- 
tion of a large number of incoming calls from parties so- 
liciting car insurance quotes. However, the number of 
outgoing lines may be appreciably less than the number 
of incoming lines in such a scenario due to the relatively 
low anticipated outgoing traffic. In contrast, a telesales 
organisation would require a significant number or high 
availability of outgoing lines by which potential custom- 
ers of the organisation can be contacted and the antic- 
ipated incoming traffic may be relatively less. 

With prior art telephony systems, if a user of a tel- 
ephone in an organisation having a switch configured 
above wishes to establish, say, an outgoing call, and all 
outgoing lines are currently fully utilised, that user will 
have to wait until an outgoing line or sufficient outgoing 
capacity is available. Similarly, if a third party wishes to 
call that user and all of the incoming lines to that organ- 
isation are busy, that third party would have to wait until 
an incoming line is available. 

The same situation may arise with any communica- 
tion system which has a limited bandwidth over which 
information or data can be transmitted. For example, 
with a multi-media computer capable of generating a 
plurality of information media types, such as video, data 
or sound, if there is insufficient outgoing capacity to sup- 
port a communication link between, say, two such com- 
puters used for collaborative or group working, then us- 
ers of those computers will have to wait until sufficient 
outgoing capacity to support communication therebe- 
tween is available. 

Another concern that has arisen is the asymmetric 
nature of telephone costs. In other words, the price of a 
call of a given length between A and B may depend on 
whether A initially dialled B, or vice versa. These differ- 
ences tend to be particularly significant for international 
calls, but may also exist for example where the parties 
are very disparate in size, and one has negotiated a dis- 
counted rate in view of its high volume of calls. However, 
it has been very difficult in the past to be able to exploit 
such charging differences in order to minimise call 
costs. 

A further concern is that tariff charges vary depend- 
ing on the telephone provider as well as on the country 
from which the call is initiated and when the call is made. 
Previously, in the majority of countries where there is 



limited or no competition, enterprises have been forced 
to buy international telephone calls at fixed tariffs offered 
by local suppliers and as a result providers have been 
making excess profits from international calls. However 
5 there now exists alternative network providers or agen- 
cies which buy international telephone capacity in bulk 
and sell it at a discount. Users can call the local offices 
of the agency who then set up the call over the agencies 
network and call the user back when the connection is 
made. Unfortunately this manual process is tedious and 
discourages users. Other agencies re-sell their bulk pur- 
chased capacity by updating the call routing tables in 
the user's telephone switch. This can be very time con- 
suming as the agency has to manually reprogram the 
call routing tables and has a further disadvantage that 
the user is still closely tied to a single agency or network 
provider. 

According to a first aspect of the invention a method 
of establishing a communication channel between first 
and second communication systems connected by a 
computer network and at least one telephony network, 
the method comprising the steps of; requesting over the 
computer network the establishment of a communica- 
tion channel between the first and second systems; de- 
termining the nature of the communication channel ac- 
cording to one or both of the following variables: (i) which 
one of the at least one telephony network is to route the 
communication channel; and/or (ii) which one of said 
first or second communication systems is to establish 
the communication channel; and establishing the com- 
munication channel according to the determination. 

According to a second aspect, the invention pro- 
vides a method for establishing a communication chan- 
nel between first and second communication systems 
connected by at least one communication network, the 
method comprising the steps of 

requesting the establishment of a communication 
channel between the first and second systems, 
determining whether the first or second communi- 
cation system should establish the communication 
channel, and 

establishing the communication channel according 
to the determination. 

Thus the invention permits the establishment of the 
communication channel to be instigated either at the 
system which originally requests the call, or at the sys- 
tem which is the originally intended recipient of the call. 
Typically, the communication channel is established 
over the public telephone network. Since the instigator 
of a call generally receives the charge for the call, this 
method is most useful where both the first and second 
communication systems belong to the same corporate 
organisation (although of course the use of Freephone 
numbers would give added flexibility). 

There are two main situations in which the above 
facility is of particular benefit. The first situation is where 
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the tariffs for the same communications channel differ 
according to the network selected or whether it is set up 
by the first or second communication system. The sec- 
ond situation is where at least one of the communication 
systems has at least some dedicated incoming or out- 
going communication lines. This is typically case where 
for example the first communication system represents 
a telemarketing system, which will have a large number 
of lines assigned to outgoing calls, and relatively few to 
incoming calls (nb this is generally a logical assignment 
only since essentially all physical connections are ca- 
pable of bi-directional support). 

In this latter situation, the step of determining pref- 
erably comprises the steps of 

establishing whether or not sufficient outgoing 
channel capacity is available from the first system 
to the second system to support the communication 
channel, and 

transmitting, in response to establishing that there 
is insufficient available outgoing channel capacity 
from the first system to support the communication 
channel, a message to the second system request- 
ing the second system to instigate the establish- 
ment of the communication channel. 

Thus if the first communication system does not 
have sufficient outgoing capacity for the communication 
channel (or does not want to use what is available), then 
it can send a message to the second communication 
system, asking for the channel to be established in re- 
verse. An analogous situation can arise when a call 
comes through to the second communication system, 
which does not have sufficient incoming capacity to re- 
ceive the call. Here the second communication system 
can respond by notifying the first communication system 
accordingly, and then set up the call itself. Note that the 
lack of channel capacity may represent a complete lack 
of outgoing/incoming lines as appropriate, or a restric- 
tion on bandwidth such that the requested communica- 
tion channel can only be set up in one direction. For ex- 
ample, the system may desire to transmit video infor- 
mation to the second system, but there is insufficient 
outgoing capacity supported at that moment for such a 
connection. 

In the situation where the calling cost arrangements 
may vary by network or may be asymmetric between 
the first and second communication systems, the step 
of determining preferably comprises ascertaining 
whether or not it is more cost effective to instigate the 
establishment of the communication channel at the first 
or second communication system. 

Such an asymmetry in costs may arise where the 
tariff is dependent upon the amount of outgoing traffic 
from a location. Also the cost of a call may vary as a 
function of time with higher costs being incurred during 
peak traffic hours. For example, it may be.very expen- 
sive to establish a communication link between two 



communication systems, one of which is located in the 
US and the other of which is located in the UK, if the UK 
communication system outgoing link is established dur- 
ing peak UK hours. The UK off-peak hours may be such 
£ that both parties would not be simultaneously available. 
However, it may be possible to initiate the call from the 
US under US off-peak rates, even although these may 
partly overlap in time with UK peak hours. Another pos- 
sibility is that different locations may be served by dit- 
to ferent telephone companies which have different call 
rates. 

In one preferred embodiment, this step of determin- 
ing at which end to initiate the connection is performed 
at a third communication system connected to said first 

1$ and second communication systems by said at least one 
computer network. Typically this third system maintains 
data relating to the first and second communication sys- 
tems for use in the step of determining, said data includ- 
ing data representative of the prevailing call tariffs at 

20 said first and second communication systems. The data 
is generally updated by said first and second communi- 
cation systems, for example whenever their respective 
call tariffs change. The third system can belong to the 
same organisation as the first and second communica- 

25 tion systems, or might be available as a service offering 
from a third party supplier. Typically the third system is 
attached to the Internet, and can perform this function 
for many other communication systems which are also 
attached the Internet. Note that this third system may in 

30 fact be coincident with either the first or second commu- 
nication systems, or may be distributed or replicated 
across the network. 

The operation with the third system if the first com- 
munication system desires to initiate a communication 

3S channel with the second communication system may be 
approximately as follows. The first communication sys- 
tem transmits an indication of its desire to the third sys- 
tem, which determines the direction and carrier network 
which will minimise the cost of the call. This can be 

40 based on tariff information stored in or accessible to the 
third system, or as a result of interrogating the second 
communication system (assuming that the first commu- 
nication system could provide its own tariff information 
with the set-up request): The third system then notifies 

45 whichever communication system is appropriate to in- 
stigate the call in the preferred direction. Alternatively, 
the response may always go to the first communication 
system, which then instructs the second communication 
system to instigate the call where appropriate. 

so if no third system is used, then the first and second 
communication systems can negotiate to determine 
which of them should instigate the call. For example, the 
first system could pass a request for a call to the second 
system, along with tariff information prevailing at the first 

ss system. The second system would compare this tariff 
Information with Its own tariff information, and depend- 
ing on the resultant cost situation, either instigate the 
call itself, or send a response to the first system indicat- 
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ing that it should instigate the call there. A slightly differ- 
ent approach would be for the first system to initially re- 
quest tariff information from the second system. The de- 
termination as to the preferred direction would then be 
performed at the first system, with the second system 
being requested to instigate the call where appropriate. 

Assuming that it is the first communication system 
that initially desires to set up the communication chan- 
nel, then typically it waits a predetermined period of time 
for a response to its transmission to the second or third 
system as appropriate. In the absence of any reply with- 
in said predetermined time period, the first communica- 
tion system tries to establish the communication chan- 
nel itself in conventional fashion. 

The invention exploits the increasing use of CTI ex- 
pand systems to provide sophisticated call handling fa- 
cilities at call centres and other locations that process a 
relatively large number of incoming and/or outgoing te- 
lephony calls. Such CTI systems effectively allow cen- 
tralised monitoring and control of each extension. Tra- 
ditionally these CTI systems have operated independ- 
ently from one another. 

The invention however recognises that the very 
wide acceptance of the Internet to link computers to- 
gether offers the possibility of integrating CTI systems 
together to provide new functionality, including the abil- 
ity to instigate a call in the least cost direction and using 
the lowest cost network. In particular, it is recognised 
that CTI systems connected by the Internet (in addition 
to the conventional telephone network) have a means 
of low cost signalling with one another that can be ex- 
ploited to provide this new functionality. Of course, the 
end to end delay over the Internet tends to be somewhat 
greater than over the conventional telephone network, 
but for call set-up a delay of a couple of seconds is not 
normally significant. Moreover, a time-out provision is 
preferably used, so that if the Internet delays become 
too severe, then prior art call placement techniques are 
used by default. 

It will be appreciated that the Internet provides all 
the networking required to support communications be- 
tween different CTI systems, effectively transparently to 
the user. Thus one CTI system can communicate with 
another CTI system over the Internet quickly and easily, 
without requiring any knowledge of the underlying net- 
work structure supporting the communication (eg which 
gateways to use, and so on). It will further be recognised 
that exploiting the Internet infrastructure is a very cost- 
effective way of communicating between sites as com- 
pared to the use of, for example, leased lines or the te- 
lephony network. 

The invention further provides apparatus for estab- 
lishing a communication channel between first and sec- 
ond communication systems connected by at least one 
communication network, comprising 

means for receiving a request for the establishment 
of a communication channel between the first and 



second systems, 

means for determining whether the first or second 
communication system should establish the com- 
munication channel, and 
s means for initiating the establishment of the com- 
munication channel according to the determination. 

According to a third aspect of the invention a meth- 
od of establishing a communication channel between 

io first and second communication systems and at least 
two telephony networks, the method comprising the 
steps of; requesting the establishment of a communica- 
tion channel between the first and second systems; de- 
termining which one of the at least two telephony net- 

1* works is to route the communication channel; and es- 
tablishing the communication channel according to the 
determination. 

The invention therefore permits the establishment 
of a communication channel from a choice of telephone 

20 network providers without the need for manual effort in 
setting up. A user having the choice of two or more tel- 
ephone network providers can select the one which is 
most appropriate for the call. Advantageously the step 
of determining which one of the plurality of telephone 

25 networks to use comprises the step of exchanging mes- 
sages between one of said communication systems and 
each of the telephone networks over the communication 
network. Such a quick and simple method increases the 
choice in the market and encourages competitiveness. 

30 Preferably the step of determining which one of the 
plurality of telephone networks to use comprises ascer- 
taining which one is more cost effective. Choosing be- 
tween telephone providers can be of great economical 
benefit when making international calls especially when 

35 the number of telephone network providers is increasing 
creating a competitive market and driving down prices. 

The step of determining which one of the plurality 
of telephone networks to use is advantageously per- 
formed at a fourth communication eystem connected to 

40 said first and second communication systems by at least 
one computer network, said fourth communication syst- 
sem exchanging messages with said first and second 
communication system. This minimizes the overall re- 
sources needed for such a determination by allowing 

45 them to be centralised in one location. Preferably data 
relating to each of the plurality of telephone networks for 
use in the Gtep of determining is stored at said fourth 
communication system, said data including data repre- 
sentative of the call tariffs at each of the plurality of tel- 

so ephone networks. Such. data allows for a faster deter- 
mination without the need to contact each of the tele- 
phone network providers whenever determination is re- 
quired. The data maybe be updated by contacting the 
network providers as frequently as required. Preferably, 

&5 one of said first or second commune iation system mak- 
ing a request for a communication channel is a computer 
integrated telephony system. 

Embodiments of the invention will now be de- 
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scribed, by way of example only, with reference to the 
following drawings in which: 

Figure 1 illustrates a typical installation have com- 
puter telephony integration (CTI); 
Figure 2 illustrates schematically two CTI systems 
such as shown in Figure 1 , connected both by the 
telephone network and by the Internet; 
Figure 3 illustrates in greater detail the arrangement 
depicted in Figure 2; 

Figure 4 shows schematically an address book for 
mapping atelephone numberto a corresponding In- 
ternet address; 

Figure 5 shows the signal exchange of the arrange- 
ment of Figure 2 in setting up a telephone connec- 
tion; 

Figure 6 shows schematically a variation on the em- 
bodiment of Figure 3, where a third system is in- 
volved in the call set-up decision; 
Figures 7 and 8 are flow charts illustrating the meth- 
od of establishing a communication channel be- 
tween two CTI systems such* as shown in Figure 2; 
Figure 9 illustrates schematically two CTI systems 
connected by three telephone networks and by the 
internet; 

Figure 1 0 is the signal exchange of the arrangement 
of Figure 9 in setting up a telephone connection; 
and 

Figure HA and (IB are flow charts illustrating the 
method of establishing a communication channel 
between two CTI system 6uch as shown in Figure 9. 

Figure 1 illustrates a typical system with computer- 
telephony integration (CTI). The telephony side of the 
system comprises a switch or PBX 30, which is attached 
to the public telephone network 20, to allow access to 
and from external parties. Attached to the PBX in known 
fashion are a plurality of telephone extensions 81, 82, 
which are assigned to respective agents. Each agent 
also has a client personal computer or workstation 71 , 
72, which is attached via a local area network 40 to a 
server machine 50. Typically the server and client use 
the well-known TCP/IP protocol for their communica- 
tions. The server also has a computer link to the PBX 
30, possibly via an intermediate protocol conversion 
system (not shown). 

An example ot the use of the CTI system of Figure 
1 is to provide information about a caller on the terminal 
of the agent who is about to receive that call. Thus when 
an incoming call is received, it may be possible to iden- 
tify the caller based on the calling or called number (AM/ 
DNIS CLI information). The PBX therefore passes ANI/ 
DNIS information received from the network to the serv- 
er, which uses this information to access relevant details 
about the caller. The server can then instruct the PBX 
to route the call to a particular extension (for example to 
an agent who has dealt with this caller previously), and 
at the same time cause the retrieved information about 



the caller to be displayed on the client screen. Another 
example o1 the use of the.CTI system is intelligent dial- 
ling, whereby a caller selects a number from his or her 
screen. This, then passes a message to the server, 

5 which in turn instructs the PBX to dial out to that number, 
and connect the call when answered to the extension of 
the relevant agent. 

It will be appreciated that the CTI system illustrated 
in Figure 1 is very well-known in the art. One example 

10 is based on the Callpath system available from IBM, 
where for example the server may comprise the Call- 
path Server/2 program running on an IBM PS/2 work- 
station or equivalent under the OS/2 operating system, 
or the AIX Callpath Server/6000 program running on a 

is RISC System/6000 workstation. Each client may com- 
prise (for example) an IBM PS/2 workstation or equiva- 
lent running the OS/2 operating system or the Microsoft 
Windows operating system, and a RISC System/6000 
workstation running the AIX operating system. The cli- 

20 ents and server may communicate using the TCP/IP 
protocol over a Token Ring or Ethernet local area net- 
work. Further information about the Callpath products 
can be found in the Callpath manuals available from IBM 
Corporation, such as IBM Callpath Coordinator for OS/ 

25 2 and Windows General Information (order number 
GC22-0074) and the manuals referenced therein. 

As shown in Figure 1 , the server 50 is also connect- 
ed to the Internet 60. Such a connection is not required 
for operation as a conventional CTI system, but is very 

30 straightforward for the skilled person to implement in 
view of the fact that the server already supports the TCP/ 
IP protocol which is used for Internet communications. 
Such support is typically provided as part of the operat- 
ing system running on the server, and is described for 

35 the AIX operating system (for example) in "AIX v4. 1 Sys- 
tem User's Guide: Communication and Network" (pub- 
lication SC23-2545-01) and "AIX v4.1 Communications 
Programming Concepts" (publication SC23-2610-01) 
(both available from IBM Corporation). 

40 Figure 2 shows two CTI systems S n and S 2 , sub- 
stantially as described above with reference to Figure 
1, connected to each other firstly via the public tele- 
phone network 300 and secondly via the Internet 305. 
It will be appreciated that although the Internet is deplet- 
es ed as a separate network, in practice the Internet sup- 
port structure may be provided by the same physical te- 
lephony network. Nevertheless, from the perspective of 
the users of S 1 and S 2 , the two networks are logically 
distinct. Each CTI system is capable of supporting a plu- 

so rality of telephones 310 or other communication/data 
transmission devices such as facsimile machines, and 
so on. Typically the first and second CTI systems S 1 and 
S 2 both belong to the same organisation, such as a large 
corporation. 

55 A66ume that the first CTI system, S lf has the fol- 
lowing telephony traffic capacity: ten outgoing lines 330 
and twenty incoming lines 335, and that the second CTI 
system, S 2 , has twenty outgoing lines 340 and ten in- 
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coming lines 345. Furthermore, assume that all ten out- 
going lines 330 of the first CTI system S 1 are busy and 
a user thereof wishes to establish a call with a user of 
the second CTI system S 2 . The user of the first CTI sys- 
tem S 1 dials in the conventional manner the telephone 
number of the intended addressee who can be reached 
via second CTI system S 2 . The first CTI system then 
makes a determination as to whether or not sufficient 
outgoing capacity is available to support a telephony 
connection. In the instant case the result of the determi- 
nation will be that an outgoing call cannot be supported 
due to insufficient available outgoing capacity. 

The first CTI system S t contains an address book 
500 or file, schematically represented in Figure 4, which 
contains a list 505 of telephone numbers together with 
their corresponding Internet addresses 510. Upon mak- 
ing such a determination, the first CTI system, S v then 
matches the dialled number with a number stored in the 
address book 500 and retrieves the corresponding In- 
ternet address of the CTI system associated with that 
dialled number, that is, the second CTI system Sg. The 
first CTI system forwards an Internet message to the 
second CTI system S2 using the corresponding Internet 
address. The message sent via the Internet contains 
sufficient information to allow the second CTI system 
to instigate a call to the first CTI system S v Upon re- 
. ceiving the Internet message, the second CTI system 
S 2 instigates a telephony call to the appropriate party 
who initially attempted to instigate the call and also 
causes the telephone of the intended addressee to ring. 
The intended addressee is a user of the second CTI sys- 
tem S v The first CTI system upon receiving the in- 
coming call from the second CTI system outputs to the 
telephone of the first user a ringing tone. When the sec- 
ond CTI system S 2 detects an off-hook or equivalent sig- 
nal, an indication that the second user U 1 has answered 
is transmitted to the first CTI system S, . The second CTI 
system concurrently connects the second user's tele- 
phone to the telephony connection established between 
the CTI systems and S 2 . The first CTI system S 1( 
responsive to the off hook signal, terminates the ringing 
tone and connects the first user to the telephony con- 
nection established between the CTI systems Sj and S 2 
thereby establishing the requisite telephony link be- 
tween the two parties. 

The signalling underlying the above implementation 
is shown schematically in Figure 5. Initially User 1 spec- 
ifies a telephone number of the Intended addressee, ei- 
ther using telephone extension 81 or terminal 71, and 
this is passed to the server 50, via PBX 30 or LAN 40 
as appropriate (in some situations, such as in telephone 
polling, the intended addressee may be automatically 
selected for the user). It is assumed that this results in 
the first user going off-hook. The first CTI system then 
uses a look-up table such as that shown in Figure 4 to 
obtain the Internet address of the CTI system supporting 
the intended call recipient. Note that this look-up table 
need not necessarily reside on the server, but could for 



example be accessed remotely over the Internet 60 
(provided of course that the server knows the location 
of the table). 

The first CTI system then transmits an Internet mes- 
s sage containing the telephone number of the original in- 
itiator of the call to the second CTI system, which re- 
sponds by outputting a ringing tone to the intended ad- 
dressee of the call, User 2, who is also identified in the 
received Internet message, and also dials out to the first 
10 CTI system. On receipt of this incoming call, the first CTI 
system connects the call to User 1 , and outputs a ringing 
tone. When User 2 finally answers, this results in the 
establishment of the call between User 1 and User 2 in 
known fashion. 

15 It will be appreciated that Figure 5 does not depict 
the actual determination as to whether or not the call 
should be instigated in the reverse direction. This deter- 
mination could be performed at either the first or second 
CTI system, or at a third system (see below). For exam- 

20 pie, if the determination was to be made at the first sys- 
tem, it might be performed directly after the number was 
originally dialled, in the situation where incoming lines 
but no outgoing lines were available. 

Although the above embodiment has been de- 

25 scribed in terms of a communication between conven- 
tional telephony users of the CTI systems, the present 
invention is not limited thereto. For example, applica- 
tions executing on the respective system which require 
a communication channel therebetween for data ex- 

30 change may adopt this approach. In such case there 
may be outgoing lines available, but these may not have 
sufficient bandwidth for the desired form of data connec- 
tion (perhaps a video link for example). Thus this ap- 
proach can be adopted where there is more bandwidth 

35 available on the incoming lines than on outgoing lines. 

It will also be appreciated that the above approach 
may be used to balance channel usage. For example, 
where a high fraction of outgoing fines are already in 
use, but only a 6mal) fraction of available incoming lines, 

40 then it may be desirable for new calls to use the incom- 
ing lines rather than risk saturating the outgoing lines. 
This is particularly important because there are likely to 
be some calls for which the direction of call is not flexible. 
For example, users of CTI system S-, may also be con- 

45 tacting individual users at home, where no CTI control 
is available. 

Referring again to Figure 2, an alternative scenario 
can be envisaged in which the first CTI system Sj has 
sufficient outgoing capacity but insufficient incoming ca- 
50 pacrty to support an incoming telephony call instigated 
by the second CTI system S 2 . The second CTI system 
S 2 , when attempting to establish a connection with the 
first CTI system S 1f would receive a signal from the tel- 
ephone network 330 indicating that the first CTI system 
55 S 1 cannot accommodate the connection. The second 
CTI system therefore determines the Internet ad- 
dress of the first CTI system S, using an address book 
500 as depicted in Figure 4 and sends a message there- 
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to indicating that the first CTl system should establish 
an outgoing call to the second CTl system S 2 . Again, 
assuming the first CTl system S-, has sufficient outgoing 
capacity, that system will instigate the establishment of 
a telephony connection to the second CTl system Sg. 
The signalling is then analogous to that described for 
the preceding example. An alternative approach would 
be for the first CTl system, S-, , to initiate the call directly, 
when it receives an incoming call from the second CTl 
system, S 2 , which it is not able to accept, thereby reduc- 
ing the amount of messaging required between the two 
CTl systems. 

The messages exchanged between the CTl sys- 
tems may contain various data describing, for example, 
the type of communication channel to be established or 
the characteristics of the required channel, such as 
bandwidth, quality of service, acceptable error rates etc. 
or the local cost of instigating a call together with the 
telephone number to be dialled and the calling number. 

tt will be appreciated that although the lines have 
been described as either incoming or outgoing, the 
physical lines themselves are conventionally duplex 
lines and have both incoming and outgoing traffic carry- 
ing capabilities, but are simply logically assigned as be- 
ing either incoming or outgoing. The assignment of in- 
coming or outgoing traffic carrying capacities of the lines 
can be varied, but often this is controlled by a subscrip- 
tion to the local telephone carrier, and so cannot be per- 
formed in real-time by the owner of the CTl system. 

Referring to Figure 3, this shows two linked CTl sys- 
tems, similar to those individually depicted in Figure 1, 
which underlie the architecture of the communication ar- 
rangement depicted in Figure 2. 

A user of such a CTl system can instigate a call to 
another telephone using one of at least two methods. 
Firstly, in one embodiment, the user can dial the number 
of the intended addressee in the conventional manner 
using theirtelephone extension 181. The switch 1 30 for- 
wards that number to the server 150 via the server- 
switch link. The server then determines whether the call 
connection should be instigated locally or whether the 
call connection should be instigated by the intended ad- 
dressee at the remote system as previously described. 
If the determination is such that the call should be insti- 
gated locally, the CTl system instigates the establish- 
ment of the call by controlling the switch in the conven- 
tional manner. However, if the determination i6 such that 
the call should be instigated by the intended addressee, 
the processing continues as described above in relation 
to Figure 2. Typically, the server 150 determines the In- 
ternet address of the server 250 associated with the in- 
tended addressee and forwards an Internet message to 
that server containing an indication that the telephony 
connection should be instigated between the users and 
the appropriate telephone numbers of the parties be- 
tween whom the connection Is to be established. 

In an alternative embodiment, the telephone 
number of the intended addressee can be entered using 



a Web browser running on a client terminal 171 which 
has accessed an appropriate page on the server 1 50. 
This page may represent a directory of all the users in 
the corporation. The user of the client terminal enters 

5 the telephone number of the intended addressee using 
an input field with a Web Browser in known fashion, 
which the Web Browser then submits to the server 1 50, 
or the user may perhaps simply select the name of the 
intended addressee, with the server converting this into 

io a telephone number. In response to receiving the tele- 
phone number from the user, the server launches an in- 
stance of an application which determines, in a manner 
substantially described above, whether the telephony 
call should be established locally or remotely based up- 

7£ on predeterminable criteria such as channel availability 
Generally the application will be run on the server, al- 
though conceivably it could be downloaded onto the cli- 
ent itself. 

In the preceding embodiments the direction of call 

20 placement has been based on the availability of incom- 
ing and outgoing lines. However, in another preferred 
embodiment, the direction of call placement is deter- 
mined by whether it is more cost effective to instigate 
the call from, for example, the second CTl system S 2 , 

2S due to different prevailing call tariffs, rather than from 
the first CTl system S v For example, assume that the 
cost of a telephone call instigated from the first CTl sys- 
tem S 1 is X whereas that of the second CTl system 
is Y, where X > Y. It would be more cost r effecttve to in- 

30 stigate the telephone call from the second CTl system 
S 2 rather than from the first CTl system S v Therefore 
before establishing a communication channel between 
the first S 1 and second S 2 CTl systems a determination 
is made as to which CTl system should instigate the call. 

3S Thus it CTl system S-, receives a telephone number di- 
alled by a user U 1 thereof, a determination as to the cost 
situation is made using an extended form of the address 
book 500. Such an extended address book also con- 
tains an indication of the call tariff prevailing at the re- 

40 mote location corresponding to the dialled number. The 
first CTl system identifies the dialled number in the 
address book 500 and determines this remote call tariff. 
If the determined call tariff is greater than the local call 
tariff at S 1t the first CTl system S n instigates the call. 

4S However, if the determined remote call tariff of the sec- 
ond CTl system S, is less than the local call tariff of the 
first CTl system S n , the first CTl system sends a mes- 
sage to the second CTl system S 2 via the Internet indi- 
cating that a telephony channel should be established 

so between the CTl systems and ultimately the usere of the 
systems. The signalling involved in realising the teleph- 
ony connection and content of the Internet message are 
substantially as described above. 

The differing call tariffs may arise as a consequence 
55 of, for example, the CTl systems being located different 
countries or one CTl system having a significantly larger 
number of leased telephony lines and thereby being 
able to benefit from economies of scale when negotiat- 
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ing the cost of the leased lines, or as a consequence of 
being located in different geographic areas serviced by 
different telephony companies. 

An alternative approach is for the first CTI system 
Sj to send a message to the second CTI system S 2 via 
the Internet containing an indication of the number to be 
dialled, the calling number, and the prevailing call tariff 
at the first CTI system S v The second CTI system S 2 
receives the Internet message and determines whether 
it is more cost effective for it to instigate the establish- 
ment of a telephony call or vice versa. If the determina- 
tion is such that the overall cost of establishing a teleph- 
ony connection between the first S 1 and second S 1 CTI 
systems is less if second CTI system S 2 instigates the 
call, then that second CTI system S2 instigates the call 
to the first CTI system Sj using the number or other iden- 
tifier provided by the Internet message. However, if the 
determination is such that it is more cost effective that 
first CTI system Sj establishes the call the second CTI 
system S 2 sends, via the Internet, a message to the first 
CTI system S 1 indicating that the telephony call should 
be established by the first CTI system S v 

A variation on the above is for the second CTI sys- 
tem S2 not to send a return message, with the first CTI 
system Sj merely waiting a predetermined period of 
time for such a return message. If no such return mes- 
sage is forthcoming within the predetermined period of 
time, then the first CTI system S 1 assumes that the de- 
termination made by the second CTI system S 2 is such 
that the telephony call should be established by the first 
CTI system S v The advantage of this approach is that 
it reduces the amount of Internet traffic and the amount 
of processing performed by each CTI system. 

In another embodiment, the step of determining is 
undertaken by a third system S 3 . Referring to Figure 6 
there is shown a communication system in which first 
S t and second CTI systems are connected to the 
telephony network and Internet as per Figure 2, and a 
third communication system S3 is also connected there- 
to. The third communication system S 3 may be a CTI 
system or, for example, a telephony switch. Alternative- 
ly, the third system may simply be a computer, in which 
case it may not have any link into the telephone network 
300. In any case, the third system S3 is adapted so as 
to be able to exchange data with said first S 1 and second 
S 2 CTI systems over the Internet 305. When a user of 
the first CTI system St dials a number using one of the 
telephones 320, 325 connected thereto or requests the 
establishment of a communication channel to the sec- 
ond CTI system and there is insufficient outgoing 
channel capacity from the first CTI system to support 
said communication channel, the first CTI system Sj 
transmits a message to the third system S 3 via the In- 
ternet 305 indicating that a communication channel to 
the second CTI system has been requested. The third 
communication system S 3 maintains a table of data re- 
lating to both the first S 1 and second S 2 CTI systems. 
In this embodiment, the table contains an indication of 



the currently available incoming and outgoing channel 
capacities of the first and second CTI systems. The third 
system S 3 determines whether or not the second CTI 
system S 2 has sufficient outgoing channel capacity to 
s accommodate the request of the user of the first CTI sys- 
tem S 1 . If the second CTI system S 2 does have sufficient 
capacity to support such an outgoing call, the third sys- 
tem S 3 sends a message, via the Internet 305 or another 
available means, to the second CTI system S 2 indicating 
10 that a communication channel should be established 
with the first CTI system S, . The second CTI system S 2 , 
in response to receiving the message from the third sys- 
tem S 3 , then instigates the establishment of a commu- 
nication channel to the first CTI system in the same 
is manner as described with reference to Figure 2. Hence, 
a communication channel is established between the 
first S 1 and second S 2 CTI systems notwithstanding the 
lack of availability of outgoing channel capacity at the 
first CTI system S v Generally, when the channel is es- 
tablished either the first or second CTI system sends an 
indication to that effect to the third system S 3 which mod- 
ifies the table of data accordingly. If the second CTI sys- 
tem S 2 does not have sufficient channel capacity to ac- 
commodate a channel to the first CTI system S v the 
third system S 3 sends a message to the first CTI system 
containing an indication to that effect whereupon the first 
CTI system outputs a "line unavailable" signal to the us- 
er thereof. 

The third system S 3 may maintain the table of cur- 
rently available channel capacities in at least one of a 
plurality of manners. The third system can periodically 
interrogate the first S 1 and second S 2 CTI systems to 
determine the currently available channel capacities 
and amend the table in light of the results of the interro- 
gation. Alternatively, the first S y and second S 2 CTI sys- 
tems may send to the third system Sg indications of the 
available channel capacities as and when the capacities 
vary. 

Although the preceding discussion has considered 
fine availability, the third system could also be used to 
control line type, jine bandwidth, and so on. For exam- 
ple, the initial message sent to the third communication 
system might contain an indication of the type of the re- 
quired communication channel. In this approach the 
third system S 3 typically maps channel type against the 
typical capacities required to support such a channel 
and amends a table of available channel capacities ac- 
cordingly. Thus if the first CTI system S 1 requires a 
channel of telephony type, the third system S 3 , in re- 
sponse to the request or the indication that the channel 
has been established, may deduct 3.4 kHz from the in- 
coming and outgoing channel capacities of the first and 
second CTI systems respectively. 

Although the system of Figure 6 may be used for 
selecting route direction on the basis of line availability 
as described above, this has the disadvantage that the 
third system S 3 needs to be kept constantly informed of 
the current status of the first and second CTI systems. 
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This can result in a significant overhead. 

The embodiment of Figure 6 is more appropriate 
where the data stored by the third communication sys- 
tem relates to the call tariffs prevailing at the first S 1 and 
second S 2 CTI systems, and where the determination 
made by the third system S 3 is based upon those pre- 
vailing call tariffs. This arrangement has the advantage 
that the tariffs are only changed infrequently. Moreover, 
the tariff information need only be stored at one site. 
Note that typically S 3 will serve as a control centre not 
just for the first and second CTI systems, but also for 
many other CTI systems (not shown) attached to the tel- 
ephone network and the Internet. 

Whilst Figure 6 depicts the third system S 3 as being 
remote from both the first and second CTI systems, this 
need not be the case. Rather, St or S 2 could logically 
function as S 3 . Another possibility is that S 3 may be a 
distributed system, spread across one or more sites. 
There may also be more than one copy of S 3 , to provide 
redundancy or to improve response times. The system 
S 3 may belong to the same organisation as the first and 
second organisations, or it may belong to a third party 
which might be offering a call cost minimisation service 
to the owner (or owners) of CTI systems S 1 and S 2 . 

Referring now to Figure 7, there is shown a flow 
chart of a method of establishing a communication 
channel between two CTI systems for the arrangement 
schematically depicted in Figure 2, from the perspective 
of the CTI system which originates the call. At step 800 
the first CTI system S n obtains a number to be dialled 
from a user of a telephone connected to said CTI sys- 
tem. Alternatively, the user may select a number to be 
dialled from a plurality of numbers contained within a 
data base of telephone numbers or an address book, 
such as that shown in Figure 4, stored within or acces- 
sible from the first CTI system S v The first CTI system 
S t determines at step 805, for example, whether or not 
it has sufficient outgoing channel capacity to accommo- 
date the user's request for a telephony channel to the 
given number If the first CTI system S, does have suf- 
ficient outgoing channel capacity, establishment of the 
telephony connection to the second CTI system S2 is 
instigated by the first CTI system St in the conventional 
manner at step 810. However, if the determination at 
step 805 is such that the first CTI system does not 
have sufficient outgoing capacity to accommodate the 
user's request, a search of the address book for a 
matching telephone number is made at step 815. A de- 
termination is made at step 820 as to whether or not a 
matching number was located. If a matching telephone 
number cannot be located, a "line unavailable" tone is 
output to the user at step 825 as the first CTI system 
is unable to send a message to the second CTI system 
S 2 soliciting the establishment of a communication 
channel. This would typically be the case where the call 
Is to an external party, who is unable (perhaps because 
they do not have a CTI system) or unwilling to pay for 
the call. 



In the event that a matching telephone number can 
be located, the Internet address associated with that 
number is retrieved and an Internet message is sent, at 
step 830, to the second CTI system containing an indi- 

5 cation that a call should be established from that second 
CTI system S 2 to the first CTI system S v The second 
CTI system then initiates the call, which is received at 
the first CTI system S 1( step 835. In response to this, 
the incoming call is connected to the telephone of the 

10 user who first requested the call at step 840, and a ring- 
ing tone is provided. Finally, the call is established at 
step 845 when both parties have answered their tele- 
phones. 

Referring now to Figure 8, there is shown a flow 

is chart of a method of establishing a communication 
channel between two CTI systems for the arrangement 
schematically depicted in Figure 2,-f rom the perspective 
of the CTI system which originally is to receive the call 
(ie this is the counterpart to the method shown in Figure 

20 7). The second CTI system S 2 receives the Internet 
message at step 900 and determines the number to be 
dialled at step 905. The second CTI system S 2 then dials 
the number associated with the first CTI system S 1 
thereby instigating establishment of a communication 

25 channel to the first CTI system S A at step 910. The tel- 
ephone corresponding to number contained in the Inter- 
net message is caused to ring at step 915. Assuming 
the user to be present, the off-hook signal is received at 
step 920 and an indication to that effect is transmitted 

30 to the first CTi system S, via the telephony connection 
established between the first and second S 2 CTI sys- 
tems. This leads to the establishment of the desired call 
at step 925. 

Although the messages in the above embodiments 

35 have been transmitted or exchanged via the Internet, 
the present invention is not limited thereto. The messag- 
es can be exchanged using any communication channel 
which has sufficient capacity to support the transmission 
of such messages (clearly the protocol and addressing 

40 used for the messaging would have to be appropriate to 
whichever network was used, as is known in the art). 
For example one possibility would be to use a corporate 
intranet, which is a network having the same protocols 
etc as the Internet, but which, typically for security rea- 

45 sons, is not actually connected into the Internet. An in- 
tranet is particularly suited to the use of the invention for 
corporate telephone communications, where the call 
can be instigated by (and presumably charged to) 
whichever party will result in the lowest overall cost for 

so the corporation. 

The invention can also be extended to the situation 
where the outgoing channel capacity is insufficient to 
support a communication channel of the type requested 
by a user, but sufficient to support the transmission of a 

ss simple message indicating that the intended recipient 
should instigate the establishment of a communication 
having the requisite capacity (assuming of course that 
the initiator has sufficient incoming capacity). For exam- 



9 



17 



EP 0 824 295 A2 



18 



pie, a first system may wish to exchange video data with 
a second system. However, if there is not sufficient out- 
going channel capacity from said first system to estab- 
lish a video communication but there does exist incom- 
ing channel capacity to support the establishment of a s 
video channel, then assume nevertheless that there is 
sufficient outgoing capacity to support an exchange of 
data between said first and second CAT systems: in 
such circumstances, the first system would transmit a 
message to said second system using the available out- 10 
going channel capacity. This message would request 
the second system to establish a communication chan- 
nel for video communications back to the first system. 
The systems in this example may be CTI systems, or 
they may be any other form of communication system is 
having limited traffic capacity or subject to channel or 
cost constraints. 

A further embodiment (Fig. 9) where there is more 
than one telephone network provider and the CTI sys- 
tem is able to choose between them may be used in 20 
combination with the earlier described embodiments or 
separate from them. The embodiment has two CTI sys- 
tems with telephone network 1, 2 and 3. Telephone net- 
work 1 maybe a local provider offering an international 
service and Telephone networks 2 and 3 maybe alter- 25 
native local or international providers, they may also be 
agencies who have bought up telephone capacity in . 
bulk from an existing supplier for selling at a discount 
Typically the user initially specifies a telephone number 
of the intended addressee, either using telephone ex- 30 
tension 181 or terminal 171, and this is passed to the 
server 1 50, directly or via switch 1 30 as appropriate. The 
first CTI system then uses a look-up table (similar to Fig. 
4) to obtain the internet address of one or more tele- 
phone network providers which may connect the user ss 
to the addressee. 

The embodiment may be understood further from 
the signalling underlying the above implementation (Fig. 
10). Once the user has specified a telephone number 
and the Internet addresses of the telephone network *o 
providers is obtained, an Internet message is then sent 
to each provider (Message 1 , 2 and 3). A message com- 
prises some information on the user such as his tele- 
phone number or location and the telephone number or 
location of the addressee. From this information, each *s 
telephone provider may send an estimate message (Es- 
timate 1 , 2 and 3) comprising a cost estimate or other 
indicator of the cost of the call. If no response is made 
from the network providers or a response has taken too 
much time to reach the user then a default provider is so 
chosen to set up the connection. 

However, if connection information is received then, 
CTI system 1 determines which of the telephone net- 
work providers is appropriate or in the present case 
which one of the providers is the best value for money, ss 
Other factors may be taken Into account when determin- 
ing which provider to use such as, for instance, the 
bandwidth and reliability of the provider's lines or the 



type of connection when both satellite and ground line 
providers are available. CTI system 1 then instigates the 
telephony call through that provider to CTI system 2. Al- 
ternatively CTI system 1 determines which of CTI sys- 
tem 1 or 2 is to instigate the call as described previously 
(Fig. 5) by sending an internet message to CTI system 2. 

The method used by a CTI system to make a call 
(Fig. 11 A) is initiated by first obtaining the telephone 
number of the addressee. Then the internet addresses 
of the available telephone network providers is obtained 
from a table stored in the systems memory; if there is 
only one network provider then the CTI system will use 
that one to set up the call. However, when more than 
one telephone network provider is available a choice 
has to be made. Each of the telephone network provid- 
ers is contacted over the internet using their internet ad- 
dresses and a request for connection information made. 
Once connection information has been gathered in from 
the telephone network providers the CTI system deter- 
mines which one of the providers is appropriate for this 
particular call. Normally this will involve comparing each 
of the prices but it could involve comparing other factors 
as mentioned above. Once the telephone network pro- 
vider is determined then the CTI system may instigate 
the call or then go on to determine which of the CTI sys- 
tems should instigate the call. 

A network provider must perform certain steps (Fig. 
11B) to perform the embodiment described above. An 
internet message is received from a client including a 
connection number and the network provider calculates 
estimate information such as the call rate and sends a 
new internet message to the client including the esti- 
mate information. If the client determines that the net- 
work provider is the most appropriate one to use then a 
call request will be sent to the provider through normal 
telephony channels by the client or by the addressee. 
One way of doing this is to prefix the dialled number with 
an access code corresponding to the network provider 
as can be carried out at present by an IBM Callpath 
Server. Alternatively it may also be possible to send a 
request to the provider through the internet so that the 
provider sets up the connection at both ends. 

As an alternative to the above, the determination of 
the telephone network provider may be carried out at a 
third party or a fourth communication system (not 
shown) connected to the other communication systems 
by the internet Instead of the addresses of each provid- 
ers being kept at the outgoing CTI system they may be 
located at only the one communication system thus sav- 
ing memory and processing resources. The first and last 
steps of obtaining the telephone number and instigating 
the call through the determined telephone provider are 
taken at the originating communication system, where 
the fourth communicating system determines the pro- 
vider. As an alternative, the fourth communicating sys- 
tem can send a further internet message to the deter- 
mined telephone provider contain ing a set up of the con- 
nection requests. 
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A further alternative includes a database at the 
fourth communicating system including data represent- 
ative of the call tariffs at each of the plurality of telephone 
networks. In this alternative it is not necessary for the 
fourth communicating system to send messages to s 
each of the telephone network providers every time it 
needs call tariff information. Instead the information is 
readily at hand for an even faster determination of the 
most appropriate provider to use and the information 
may be updated periodically with a frequency depend- 10 
ent on the fluidity of the market. 



Claims 

15 

1 . A method of establishing a communication chan- 
nel between first and second communication sys- 
tems connected by a computer network and at least 
one telephony network, the method comprising the 
steps of; 20 

requesting over the computer network the es- 
tablishment of a communication channel be- 
tween the first and second systems; 

25 

determining the nature of the communication 
channel according to one or both of the follow- 
ing variables; 

i) which one of the at least one telephony 30 
network is to route the communication 
channel; and/or 

ii) which one of said first or second com- 
munication systems is to establish the 35 
communication channel; and 

establishing the communication channel ac- 
cording to the determination. 1 

40 

2. A method for establishing a communication chan- 
nel between first and second communication sys- 
tems connected by at least one communication net- 
work, the method comprising the steps of: 

45 

requesting the establishment of a communica- 
tion channel between the first and second sys- 
tems; . 

determining whether the first or second com- so 
munication system should establish the com- 
munication channel; and 

establishing the communication channel ac- 
cording to the determination. 55 

3. A method as claimed in claim 1 or 2, wherein the 
step of determining comprises the steps of: 



establishing whether or not sufficient outgoing 
channel capacity is available from the first sys- 
tem to the second system to support the com- 
munication channel; and < 

transmitting, in response to establishing that 
there is insufficient available outgoing channel 
capacity from the first system to support the 
communication channel, a message to the sec- 
ond system requesting the second system to 
instigate the establishment of the communica- 
tion channel. 

4. A method as claimed in claim 1 or claim 2 ( where- 
in the step of determining comprises the steps of 
establishing whether or not sufficient incoming 
channel capacity is available at the second commu- 
nication system for supporting the communication 
channel from the first communication system. 

5. A method as claimed in claim 1 or 2, wherein the 
determining comprises the steps of: 

ascertaining that there is insufficient available 
outgoing channel capacity from the first com- 
munication system to support the communica- 
tion channel but sufficient available outgoing 
channel capacity from the first communications 
system to transmit a request for the communi- 
cation channel to be established; and 

transmitting a message using said available 
outgoing channel capacity containing an indi- 
cation that the second system should instigate 
the establishment of the said communication 
channel. 

7. Apparatus for establishing a communication 
channel between first and second communication 
systems connected by at least one communication 
network, comprising: 

means for receiving a request for the establish- 
ment of a communication channel between the 
first and second systems; 
means for determining whether the first or sec- 
ond communication system 6hould establish 
the communication channel; and 
means for initiating the establishment of the 
communication channel according to the deter- 
mination. 

6. A method as claimed in Claim 1 where by the com- 
munication channel comprises a connection over a 
telephone network and the method further compris- 
es the step of; 

determining which one of a plurality of tele- 
phone networks should be used to route the com- 
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munication channel. 

8. A method of establishing a communication chan- 
nel between first and second communication sys- 
tems and at least two telephony networks, the meth- s 
od comprising the steps of; 

requesting the establishment of a communica- 
tion channel between the first and second sys- 
tems; 10 

determining which one of the at least two te- 
lephony networks is to route the communica- 
tion channel; and 

75 

establishing the communication channel ac- 
cording to the determination. 

9. A method as claimed in Claims 1 , 6 or 8, wherein 
the step of determining which one of the plurality of 20 
telephone networks to use comprises the step of ex- 
changing messages between one of said commu- 
nication systems and each of the telephone network 
providers. 

2S 

10. A method as claimed in Claims 1 , 6, 8 or 9 or 
any claims dependent on them wherein the step of 
determining which one of the plurality of telephone 
network provides to use comprises ascertaining 
which one is more cost effective. 30 
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